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Introduction {#jcsm12462-sec-0005}
============

The population is aging therefore increasing the prevalence of poor health outcomes. Muscle mass and strength decline at a rate of 0.5--1% and 2--3% per year, respectively, after the age of 50 years[1](#jcsm12462-bib-0001){ref-type="ref"} leading to increased disability, loss of autonomy, morbidity, decreased quality of life, and mortality.[2](#jcsm12462-bib-0002){ref-type="ref"} Sarcopenia, originally defined as the age‐related loss of muscle mass by Rosenberg,[3](#jcsm12462-bib-0003){ref-type="ref"} was attributed an International Classification of Disease‐10th revision code in 2016 recognizing the condition as a disease.[4](#jcsm12462-bib-0004){ref-type="ref"} Although the term sarcopenia is now consensually used to define the combined entities, that is, the loss of muscle mass and strength[2](#jcsm12462-bib-0002){ref-type="ref"}, some authors argue that sarcopenia (low muscle mass) should be considered separately from dynapenia (low muscle strength).[5](#jcsm12462-bib-0005){ref-type="ref"} Recently, Bulow *et al*. have called for rejuvenating the term sarcopenia arguing that adding muscle strength and physical function, that is, gait speed, to the definition of sarcopenia for the condition to be clinically relevant resulted in a tautology.[6](#jcsm12462-bib-0006){ref-type="ref"}, [7](#jcsm12462-bib-0007){ref-type="ref"} Four major groups have been working towards a consensus for defining sarcopenia: the European Working Group on Sarcopenia in Older People (EWGSOP), the International Working Group on Sarcopenia (IWGS), the Asian Working Group on Sarcopenia, and the Foundation for the National Institute of Health (FNIH) sarcopenia project. While the former three endorsed cut‐points determined arbitrarily for low lean mass, strength, and gait speed from previously published work,[2](#jcsm12462-bib-0002){ref-type="ref"}, [8](#jcsm12462-bib-0008){ref-type="ref"}, [9](#jcsm12462-bib-0009){ref-type="ref"}, [10](#jcsm12462-bib-0010){ref-type="ref"} the FNIH determined empirical cut‐points of low lean mass relative to body mass index (BMI) and strength from data of pooled cohorts.[11](#jcsm12462-bib-0011){ref-type="ref"} Despite these collective efforts, an ongoing debate subsists. The lack of consensus to define sarcopenia and the use of different cut‐points prevent standard diagnosis in clinical settings and hinder comparison of research studies. Presently suggested cut‐points carry important limitations, namely, that they were derived from cohorts of limited sample sizes,[12](#jcsm12462-bib-0012){ref-type="ref"}, [13](#jcsm12462-bib-0013){ref-type="ref"}, [14](#jcsm12462-bib-0014){ref-type="ref"} from up to 20‐year‐old data[11](#jcsm12462-bib-0011){ref-type="ref"}, [12](#jcsm12462-bib-0012){ref-type="ref"}, [13](#jcsm12462-bib-0013){ref-type="ref"}, [14](#jcsm12462-bib-0014){ref-type="ref"}, [15](#jcsm12462-bib-0015){ref-type="ref"}, [16](#jcsm12462-bib-0016){ref-type="ref"}, [17](#jcsm12462-bib-0017){ref-type="ref"} when evaluation methods and the population have evolved over the last decades, for example, with increased prevalence of obesity, or from the aggregation of cohorts introducing important heterogeneity with regard to assessment methods.[11](#jcsm12462-bib-0011){ref-type="ref"}, [17](#jcsm12462-bib-0017){ref-type="ref"}

To address these limitations from present diagnostic cut‐points and based on the hypothesis that low strength is a predictor of low gait speed and that lean mass is a predictor of low strength as demonstrated by the FNIH project,[18](#jcsm12462-bib-0018){ref-type="ref"}, [19](#jcsm12462-bib-0019){ref-type="ref"} our aim was twofold: (i) to define cut‐points for dynapenia, that is, low strength, to identify persons at risk of limited overall physical performance and for sarcopenia, that is, low lean mass, as a predictor of dynapenia, and (ii) determine the prevalence of each condition separately and combined, (sarco‐dynapenia), from the largest and contemporary Canadian longitudinal study on aging (CLSA). These cut‐points were to be clinically relevant and literal to their original definitions.

Methods {#jcsm12462-sec-0006}
=======

Subjects {#jcsm12462-sec-0007}
--------

Baseline data were from the large, nationally representative CLSA of 51 338 community‐dwelling men and women aged 45--86 years, recruited from 2011 to 2015. Participants from 11 cities across Canada (Victoria, BC; Vancouver, BC; Surrey, BC; Calgary, AB; Winnipeg, MB; Hamilton, ON; Ottawa, ON; Montreal, QC; Sherbrooke, QC; Halifax, NS; and St‐John\'s, NFLD) were randomly selected based on age and sex strata in each province through the Canadian Community Health Survey, provincial health care registries, and from random digit dialling and will be followed every 3 years for ≥20 years.[20](#jcsm12462-bib-0020){ref-type="ref"} Subjects were excluded from the sample frame if they were residents of one of the three territories, if they lived on a First Nation reserve, in institutions, or were full‐time members of the Canadian Armed Forces. Individuals were not eligible if they were unable to communicate in English or French or had cognitive impairment that precluded the ability to provide informed consent, at baseline. The study was approved by the CLSA research site ethics boards, and all participants of the CLSA study provided informed consent to use their data in research.[21](#jcsm12462-bib-0021){ref-type="ref"} This present study was approved by the McGill University Health Centre Ethics Board (REB 16‐068‐MUHC).

Cross‐sectional analyses were performed on data from the comprehensive cohort participants (*n* = 30 097, living within 25--50 km from CLSA collection data sites). This specific cohort provided core information by phone interview, and additional information from face‐to‐face interview questionnaires through a computer‐assisted personal interview software and from site‐based visits of neuropsychological, physical function, body composition, and clinical assessments performed by trained individuals.[20](#jcsm12462-bib-0020){ref-type="ref"} For the current study, participants who were aged \<65 years, who had multiple sclerosis, Alzheimer\'s disease, effects from stroke or transient ischaemic attack, Parkinson\'s disease, surgery within the last 3 months, polio, unstable heart condition within the last 3 months, pulmonary embolism within the last 6 weeks, chemotherapy within the last 4 weeks, dialysis and missing or improper dual energy X‐ray absorptiometry (DXA) measurement, grip strength, or physical tests results were excluded. The total analytic sample was 9088 participants (4725 men and 4363 women) (Online Resource, [Supporting Information](#jcsm12462-supInfo-0001){ref-type="supplementary-material"}, *Figure* [S1](#jcsm12462-supitem-0001){ref-type="supplementary-material"}).

Body composition {#jcsm12462-sec-0008}
----------------

Lean soft tissue mass (lean mass) and fat mass were measured by DXA (Hologic Discovery A™ densitometer) of the whole body according to standard procedures. Appendicular lean mass (ALM; kg) was calculated as the sum of the upper and lower limbs lean mass. ALM index (ALMI) was obtained by dividing ALM over height squared (kg/m^2^) as previously suggested by Baumgartner *et al*.[12](#jcsm12462-bib-0012){ref-type="ref"} Weight over 204 kg, height over 1.88 m, exposition to an X‐ray with contrast material, or participation in a nuclear medicine study within the last 7 days before the DXA were contraindications to receiving the scan. There are risks for erroneous ALM assessment for some individuals who unproperly fit within the scanning area of the DXA bed. For this reason, only those with a valid DXA weight measure were retained in the analyses. Using a Bland and Altman plot, a participant\'s DXA weight was considered to be valid when the value of the difference between their DXA and scale weight was within the 95% confidence interval of the population mean difference.[22](#jcsm12462-bib-0022){ref-type="ref"}

Anthropometry {#jcsm12462-sec-0009}
-------------

Anthropometric evaluation included body weight (140--10 Healthweight Digital Physician Scale) and standing height (Seca 213 stadiometer) measured to the nearest 0.1 kg and 0.1 cm, respectively, following standard procedures; for each, the average of two measurements was used. BMI was calculated by dividing the weight (kg) by the height (m) squared.

Muscle strength {#jcsm12462-sec-0010}
---------------

Maximum muscle strength was measured by hand‐held dynamometry (kg; Tracker Freedom® Wireless Grip). Participants were tested on their dominant hand and were assessed while sitting on a chair without arm rests, feet flat on the floor, arms close to the body with the elbow flexed at 90°, and the non‐dominant hand supporting the device. Participants were instructed to squeeze the dynamometer as hard as they could, three times with a 15 s rest between trials. The highest value was used for the current analyses. This assessment has shown excellent test--retest reliability \[intraclass correlation coefficient (ICC) = 0.99\].[23](#jcsm12462-bib-0023){ref-type="ref"}

Physical performance tests {#jcsm12462-sec-0011}
--------------------------

### Four metre walk test {#jcsm12462-sec-0012}

Gait speed was used to assess mobility. Studies have found gait speed to be strongly associated with adverse outcomes including disability, falls, and mortality.[24](#jcsm12462-bib-0024){ref-type="ref"}, [25](#jcsm12462-bib-0025){ref-type="ref"} Subjects were asked to walk a 4 m distance at their regular pace. Participants were allowed one trial before the actual test. Gait speed was calculated as 4 m divided by the time to walk this distance in seconds (m/s).

### Timed up‐and‐go {#jcsm12462-sec-0013}

Timed up‐and‐go (TUG) test is a valid measure of mobility, balance, and the ability to perform activities of daily living[26](#jcsm12462-bib-0026){ref-type="ref"} and is also associated with mortality.[27](#jcsm12462-bib-0027){ref-type="ref"} Participants were seated in an arm chair and were timed on their ability to stand up from the chair, walk a 3 m course, turn around, walk back to the chair, and sit down again (in seconds). The use of daily living assistive devices was permitted for both the 4 m walk and TUG tests. Excellent test--retest reliability, with an ICC of 0.99, was reported for this test.[26](#jcsm12462-bib-0026){ref-type="ref"}

### Chair rise test {#jcsm12462-sec-0014}

This test is used to measure performance of lower extremity and balance.[28](#jcsm12462-bib-0028){ref-type="ref"} Participants were asked to rise from a chair and sit back down, five times, as quickly as possible, with their arms crossed on their chest. The time was recorded from the initial sitting position, with their back rested on the back of the chair and their knees bent at a 90° angle, to the fifth and final standing position (in seconds). The average time per sit‐to‐stand was used for analyses. In community‐dwelling older adults, test--retest reliability ranges from good to high (ICC: 0.890 and 0.957).[29](#jcsm12462-bib-0029){ref-type="ref"}, [30](#jcsm12462-bib-0030){ref-type="ref"}

### Standing balance test {#jcsm12462-sec-0015}

Standing balance is a valid and reliable test[31](#jcsm12462-bib-0031){ref-type="ref"} and is used as a predictor of falls.[32](#jcsm12462-bib-0032){ref-type="ref"} Positioned at a 1 m distance from the wall, participants were instructed to stand in balance on one foot, for as long as possible with a maximum time of 60 s. The test was repeated on the other leg and the shortest time recorded was used for analyses.

### Physical performance score adjusted for body mass index {#jcsm12462-sec-0016}

A physical performance score including the four tests, (TUG, gait speed, chair rise, and balance tests) was created using the weighted‐sum score method. Physical performance tests measured as time were natural log‐transformed for normalization of the distributions (all except gait speed). All test results were then scaled to *Z* scores and entered in a factor analysis to obtain the loading value of each test. For every subject, a physical performance score was calculated; the *Z* score test result of all four physical tests was multiplied by its associated loading value before summation. This method accounts for the weight each test has in measuring the physical performance factor.[33](#jcsm12462-bib-0033){ref-type="ref"} Given the well‐known relationship between BMI and mobility disability, the residual‐based method was used to adjust participants\' physical performance score for BMI.[34](#jcsm12462-bib-0034){ref-type="ref"}, [35](#jcsm12462-bib-0035){ref-type="ref"} A binary variable was created to classify participants as having limited physical performance using \<1.5 SD below the sex‐specific mean of the physical performance score adjusted for BMI.

Potential covariates {#jcsm12462-sec-0017}
--------------------

Covariates included sex, age, race/ethnicity, smoking, number of medications, and four self‐reported and ascertained chronic diseases,[36](#jcsm12462-bib-0036){ref-type="ref"} namely, heart disease, kidney disease, chronic obstructive pulmonary disease, and type 2 diabetes that were associated with low lean mass, strength, or physical performance. Physical activity level was evaluated by the Physical Activity Scale for Elderly.[37](#jcsm12462-bib-0037){ref-type="ref"} The abbreviated Seniors in the Community Risk Evaluation for Eating and Nutrition version II, an 11‐item tool to evaluate weight change, meal intake, and its risk factors, was used to evaluate the risk of poor nutritional state.[38](#jcsm12462-bib-0038){ref-type="ref"}

Statistical analysis {#jcsm12462-sec-0018}
--------------------

Analyses were conducted separately by sex because of recognized differences in lean mass and strength between men and women. Baseline characteristics are presented as means ± standard deviations (SD). Relationships between physical performance score, handgrip strength, and ALMI were examined using path analyses. Functionally derived cut‐points were identified using classification and regression tree (CART) analysis, which model is represented by a binary tree. It uses recursive partitioning to optimally classify individuals with a condition (binary‐dependent variable) from one or several factors (independent variables) by computing all possible factors splits while optimizing purity. It is a non‐parametric method that can be performed for prediction purposes and establishing diagnostic tests.[39](#jcsm12462-bib-0039){ref-type="ref"} In this study, CART analysis was carried out in two steps: (i) the first analysis was performed to identify cut‐points for dynapenia (low handgrip strength) as a predictor of physical performance impairment and (ii) using the cut‐points found in (i), a second model was performed to derive cut‐points for sarcopenia (low lean mass) as a predictor of dynapenia. Considering the large sample size, split sample was used for internal validation of the predictive model (80% random training data set and remaining 20% test data set).[40](#jcsm12462-bib-0040){ref-type="ref"} Analyses were performed using the Gini index as a cost function to maximize homogeneity in groups generated from the split, with regard to the outcome variable. CART analyses were previously used to derive cut‐points of low lean mass and strength.[18](#jcsm12462-bib-0018){ref-type="ref"}, [19](#jcsm12462-bib-0019){ref-type="ref"}, [41](#jcsm12462-bib-0041){ref-type="ref"} Agreement between cut‐points was examined using positive and negative per cent agreement (PPA and NPA) and Cohen\'s kappa coefficient (κ) as recommended by the Food and Drug Administration US federal agency in the absence of a diagnostic gold standard.[42](#jcsm12462-bib-0042){ref-type="ref"} Sensitivity analysis to evaluate prediction capacity of the cut‐points according to subgroup characteristics of the population was conducted using logistic regression models.

To allow comparison with previous sarcopenia definitions, the present cut‐points for low strength and lean mass were combined (sarco‐dynapenia) and applied to our study population. Characteristics of sarco‐dynapenic and non‐sarco‐dynapenic participants were compared using Mann--Whitney *U* test for non‐normally and independent *t*‐test for normally distributed variables. Differences in prevalence between current cut‐points and the ones from other cohorts were compared with the use of chi‐square tests. *P* \< 0.05 was accepted as significant. Data analyses were performed using IBM® SPSS Statistics, Amos and Decision trees (version 24, Chicago, Il, USA).

Results {#jcsm12462-sec-0019}
=======

Baseline characteristics of participants {#jcsm12462-sec-0020}
----------------------------------------

Characteristics of the 9088 participants (48% women) are summarized in *Table* [1](#jcsm12462-tbl-0001){ref-type="table"}, by sex. The mean age was 72.7 ± 5.5 in men and 72.5 ± 5.5 years in women and were comparable between sexes. The majority of participants were Caucasian (96.7%) and 3.3% were Asian, African‐American, Hispanic, or other ethnicities. The use of prescribed medications was low in both men and women, but women were taking more medications than men (from Mann--Whitney *U* test; *P* \< 0.001). The mean BMI was in the overweight category range (25--29.9 kg/m^2^).

###### 

Baseline characteristics of the Canadian longitudinal study on aging participants by sex, 2011--2015

                                                 Men (n = 4725)   Women (n = 4363)
  ---------------------------------------------- ---------------- ------------------
  Age, year                                      72.7 ± 5.5       72.5 ± 5.5
  Caucasian, %                                   96.0             97.5
  Anthropomorphic measurements height, cm        1.74 ± 0.07      1.60 ± 0.06
  Weight, kg                                     83.9 ± 13.5      70.1 ± 13.5
  BMI, kg/m^2^                                   27.8 ± 4.0       27.5 ± 5.1
  Current smoker, %                              5                5
  Nutritional risk (SCREEN II‐AB; range 0--48)   39.6 ± 5.5       39.0 ± 5.9
  Medication number (range 0--11)                0.8 ± 0.9        1.0 ± 1.0
  PASE score (range 0--629)                      129 ± 59         111 ± 53
  Body composition                                                
  ALM, kg                                        25.91 ± 3.75     17.24 ± 2.86
  ALM index, kg/m^2^                             8.57 ± 1.02      6.74 ± 0.98
  Fat mass, kg                                   25.02 ± 7.59     29.0 ± 8.89
  Strength                                                        
  Maximum grip strength, kg                      39.8 ± 8.4       23.9 ± 5.1
  Physical performance                                            
  BMI‐adjusted physical performance, *Z* score   0.17 ± 2.14      −0.18 ± 2.16
  TUG, s                                         9.9 ± 1.9        10.0 ± 2.0
  Gait speed, m/s                                0.95 ± 0.19      0.92 ± 0.18
  Balance (range 0--60 s)                        28.6 ± 23.1      25.1 ± 22.3
  Chair rise average time, s                     2.8 ± 0.8        2.9 ± 0.8

Values are mean ± SD. ALM, appendicular lean mass; BMI, body mass index; PASE, Physical Activity Scale for Elderly; SCREEN II, Seniors in the Community Risk Evaluation for Eating and Nutrition; TUG, timed up‐and‐go.

As expected, ALM, ALMI, and handgrip strength were higher in men than in women. Women had a lower physical performance score.

Associations between appendicular lean mass index, handgrip strength, and physical performance {#jcsm12462-sec-0021}
----------------------------------------------------------------------------------------------

To investigate the relationship between ALMI, handgrip strength, and physical performance, we used path analyses including all three variables in a first model and adjusting for the covariates fat mass and age in a second model (*Figure* [1](#jcsm12462-fig-0001){ref-type="fig"}). Results are reported as standardized β (std β) coefficient and *R* ^2^. We found positive associations between ALMI and handgrip strength (std β = 0.30 in men and std β = 0.22 in women; all *P* \< 0.001) and between handgrip strength and physical performance score (std β = 0.22 and std β = 0.22; all *P* \< 0.001) that remained after adjustment for covariates. Considered independently of strength, ALMI and physical performance were inversely associated (std β = −0.05 in men, *P* \< 0.001; and std β = −0.19 in women, *P* = 0.001); however, this association did not remain after adjusting for age and fat mass, given the opposite effects of fat mass on ALMI and physical performance.

![Associations between appendicular lean mass index, handgrip strength, and physical performance. This model was constructed based on the hypothesis that ALMI predicts handgrip strength and that handgrip strength predicts physical performance. Physical performance score is not adjusted for body mass index as fat mass was included in the model. Values along the arrows are expressed as standardized beta coefficient and R ^2^ (in bold) not adjusted for covariates (model 1, in blue) and adjusted for fat mass and age (model 2, in black). ^\*^ P value \<0.001; ^‡^ P value \<0.05. ALMI, appendicular lean mass index.](JCSM-10-985-g001){#jcsm12462-fig-0001}

Cut‐points for low strength and low appendicular lean mass, and prevalence rates {#jcsm12462-sec-0022}
--------------------------------------------------------------------------------

The significant association of ALMI with strength and strength with physical performance along with the absence of an independent relationship between ALMI and physical performance in the adjusted model justified the identification of cut‐points of low strength as a predictor of physical performance and of low ALMI as a predictor of low strength. To avoid obtaining numerous cut‐points by age groups and to simplify the clinical use of our criteria, age was not included in the statistical models. From CART analyses performed in random sex‐specific training samples (80% of total sex‐specific sample), the optimum splits for handgrip strength to predict limited physical performance were \<33.1 kg and \<20.4 kg in men and in women, respectively (*Figure* [2](#jcsm12462-fig-0002){ref-type="fig"}). For low ALM as a predictor of low strength, cut‐points identified were \<7.76 kg/m^2^ in men and \<5.72 kg/m^2^ in women (*Figure* [3](#jcsm12462-fig-0003){ref-type="fig"}). When applied to their respective test data sets, cut‐points were shown to have excellent validity as supported by highly similar PPA and NPA measures in the training compared with test data sets (data not shown), given this very large study population.

![Classification and regression tree results illustrating the handgrip strength cut‐points as predictors of impaired physical performance in men and in women. Results in training samples representing 80% of the total study population.](JCSM-10-985-g002){#jcsm12462-fig-0002}

![Classification and regression tree results illustrating the ALM index cut‐points as predictors of low handgrip strength in men and in women. Results in training samples representing 80% of the total study population. ALM, appendicular lean mass.](JCSM-10-985-g003){#jcsm12462-fig-0003}

The prevalence of impaired physical performance in the cohort was 6.9% ([Supporting Information](#jcsm12462-supInfo-0001){ref-type="supplementary-material"}, *Figure* [S2](#jcsm12462-supitem-0001){ref-type="supplementary-material"}). *Table* [2](#jcsm12462-tbl-0002){ref-type="table"} presents the prevalence rates and sensitivity analysis for both low strength and low ALM cut‐points overall and across different population subgroups. Classifying participants as per the aforementioned criteria, 21.5% of men had low strength and were 4.51 (95% CI: 3.58, 5.68) folds more likely of having impaired physical performance compared with those with normal strength. The prevalence of low strength in women was 24.0% and these persons had 4.66 (95% CI: 3.67, 5.92) folds greater odds for impaired physical performance compared with women with normal strength. The prevalence rates of low ALM were 21.7% and 13.7% in men and in women, respectively. Participants with low ALM had 3.02 (95% CI: 2.59, 3.52 in men) and 2.46 (95% CI: 2.05, 2.95 in women) folds greater odds of having low strength than participants with normal ALM. Overall, 8.3% of men and 5.5% of women had both low strength and lean mass. Agreement measures including PPA, NPA, and Cohen\'s κ are described in the Online Resource, [Supporting Information](#jcsm12462-supInfo-0001){ref-type="supplementary-material"}, *Tables* [S1](#jcsm12462-supitem-0001){ref-type="supplementary-material"} and [S2](#jcsm12462-supitem-0001){ref-type="supplementary-material"}.

###### 

Sensitivity analysis for strength as a predictor of limited physical performance and for low ALM as a predictor of low strength across subgroups in the Canadian longitudinal study on aging cohort, 2011--2015

                                    N      Prevalence low HGS (%)   OR (95% CI) for impaired physical performance    P for interaction[a](#jcsm12462-note-0003){ref-type="fn"}                      OR (95% CI) for low HGS   
  --------------------------------- ------ ------------------------ ----------------------------------------------- ----------------------------------------------------------- ------------------- ------------------------- -------
  Men                                                                                                                                                                                                                         
  Overall                           4725   21.5                     4.51 (3.58, 5.68)                                                                                           21.7                3.02 (2.59, 3.52)         
  Age                                                                                                                                                                                                                         
  65--74                            2878   14.8                     4.50 (2.87, 7.04)                                                          0.162                            16.3                2.71 (2.14, 3.43)         0.777
  ≥75                               1847   32.0                     3.09 (2.34, 4.07)                                                          30.0                             2.59 (2.10, 3.19)                             
  Nutritional risk (SCREEN II‐AB)                                                                                                                                                                                             
  Yes                               1332   24.2                     3.09 (2.34, 4.07)                                                          0.304                            22.1                3.79 (2.87, 5.00)         0.058
  No                                3393   20.5                     4.50 (2.89, 7.04)                                                          21.5                             2.74 (2.28, 3.30)                             
  Heart disease                                                                                                                                                                                                               
  Yes                               1029   25.4                     4.79 (3.17, 7.24)                                                          0.640                            21.4                2.79 (2.04, 3.84)         0.558
  No                                3696   20.4                     4.25 (3.21, 5.62)                                                          21.8                             3.11 (2.61, 3.71)                             
  Kidney disease                                                                                                                                                                                                              
  Yes                               173    28.9                     2.74 (0.97, 7.76)                                                          0.339                            28.9                4.47 (2.19, 9.10)         0.264
  No                                4552   21.2                     4.61 (3.64, 5.84)                                                          21.4                             2.95 (2.52, 3.45)                             
  COPD                                                                                                                                                                                                                        
  Yes                               273    26.0                     3.55 (1.54, 8.20)                                                          0.565                            30.4                3.39 (1.92, 5.99)         0.667
  No                                4452   21.2                     4.58 (3.61, 5.82)                                                          21.1                             2.98 (2.54, 3.49)                             
  Type 2 diabetes                                                                                                                                                                                                             
  Yes                               630    27.6                     4.21 (2.57, 6.90)                                                          0.853                            19.7                4.01 (2.66, 6.05)         0.163
  No                                4095   20.6                     4.44 (3.41, 5.76)                                                          22.0                             2.93 (2.48, 3.45)                             
  Women                                                                                                                                                                                                                       
  Overall                           4363   24.1                     4.66 (3.67, 5.92)                                                                                           13.7                2.46 (2.05, 2.95)         
  Age                                                                                                                                                                                                                         
  65--74                            2706   15.4                     5.43 (3.39, 8.70)                                                          0.013                            11.5                2.44 (1.86, 3.21)         0.483
  ≥75                               1657   38.2                     2.69 (2.02, 3.58)                                                          17.3                             2.14 (1.65, 2.76)                             
  Nutritional risk (SCREEN II‐AB)                                                                                                                                                                                             
  Yes                               1427   27.4                     2.69 (2.02, 3.58)                                                          0.867                            14.0                2.07 (1.51, 2.81)         0.168
  No                                2936   22.4                     5.43 (3.39, 8.70)                                                          13.5                             2.70 (2.16, 3.37)                             
  Heart disease                                                                                                                                                                                                               
  Yes                               519    28.7                     3.01 (1.77, 5.11)                                                          0.081                            12.7                2.52 (1.49, 4.26)         0.947
  No                                3844   23.4                     5.11 (3.90, 6.70)                                                          13.8                             2.47 (2.03, 2.99)                             
  Kidney disease                                                                                                                                                                                                              
  Yes                               142    31.0                     3.30 (1.25, 8.67)                                                          0.480                            16.9                0.70 (0.26, 1.91)         0.012
  No                                4221   23.8                     4.72 (3.69, 6.05)                                                          13.6                             2.58 (2.15, 3.10)                             
  COPD                                                                                                                                                                                                                        
  Yes                               318    27.4                     3.31 (1.64, 6.66)                                                          0.314                            15.7                2.22 (1.18, 4.15)         0.736
  No                                4045   23.8                     4.85 (3.75, 6.26)                                                          13.5                             2.48 (2.05, 3.00)                             
  Type 2 diabetes                                                                                                                                                                                                             
  Yes                               376    27.4                     4.48 (2.41, 8.34)                                                          0.909                            8.0                 2.93 (1.38, 6.24)         0.663
  No                                3987   23.8                     4.66 (3.59, 6.05)                                                          14.2                             2.47 (2.05, 2.98)                             

ALMI, appendicular lean mass index; COPD, chronic obstructive pulmonary diseases; HGS, handgrip strength; SCREEN II‐AB, abbreviated Seniors in the Community Risk Evaluation for Eating and Nutrition, version II, score \< 38 was considered as at risk of poor nutritional state.

Interaction for absence/presence of low HGS and subgroup characteristics in the prediction of impaired physical performance.

Interaction for absence/presence of low ALM and subgroup characteristics in the prediction of low HGS.

The prevalence rates of low strength and low ALM varied between age groups and between presence or absence of chronic diseases. Reflective of the path analysis associations (*Figure* [1](#jcsm12462-fig-0001){ref-type="fig"}, model 1), low strength cut‐points more strongly predicted impaired physical performance compared with low ALM as a predictor of low strength in all subgroups except in men at risk of poor nutritional state or with a kidney disease. Cut‐points for low strength and low ALM both had higher prediction of their respective outcome in younger (65--74 years) than older (≥75 years) seniors. In men, the likelihood of impaired physical performance associated with low strength ranged from 2.74 (95% CI: 0.97, 7.76) in individuals with a kidney disease to 4.79 (95% CI: 3.17, 7.24) in those with a heart disease. In women, low strength better predicted impaired physical performance in younger participants and in those without a risk of poor nutritional state 5.43 (95% CI: 3.39, 8.70). The likelihood of having low strength associated with low ALM ranged from 2.74 (95% CI: 2.28, 3.30) in men without a risk of poor nutritional state to 4.47 (95% CI: 2.19, 9.10) in men with a kidney disease; and in women, from non‐significant 0.70 (95% CI: 0.26, 1.91) in persons with a kidney disease to 2.93 (95% CI: 1.38, 6.24) in those with type 2 diabetes. Interactions between classification (low and normal strength or ALM) and characteristics groups, for example, presence/absence of a heart disease, were all non‐significant with the exception of age groups and low handgrip strength, and between presence/absence of a kidney disease and low ALMI in women. Sensitivity analysis by BMI was not performed as the physical performance score was already adjusted for this variable.

Characteristics of sarco‐dynapenic and non‐sarco‐dynapenic participants applying the Canadian longitudinal study on aging criteria {#jcsm12462-sec-0023}
----------------------------------------------------------------------------------------------------------------------------------

To allow comparison with previous studies using the broader definition of sarcopenia including both low ALM and strength, individuals with both conditions were identified and defined as having sarco‐dynapenia. By definition, sarco‐dynapenic participants had lower ALMI, handgrip strength, and physical performance score than non‐sarco‐dynapenic. They were also older, were less physically active, and had lower weight, BMI, and fat mass (*Table* [3](#jcsm12462-tbl-0003){ref-type="table"}).

###### 

Baseline characteristics of men and women by absence or presence of sarco‐dynapenia applying Canadian longitudinal study on aging cut‐points, 2011--2015

                                                                 Men                                 Women                                          
  --------------------------------------------------------- -------------- --------------------------------------------------------- -------------- ---------------------------------------------------------
                        Prevalence, %                            91.7                                 8.3                                 94.5                                 5.5
                          Age, year                           72.4 ± 5.4     76.5 ± 5.4[\*\*](#jcsm12462-note-0009){ref-type="fn"}     72.4 ± 5.5     75.5 ± 5.5[\*\*](#jcsm12462-note-0009){ref-type="fn"}
    Caucasian, %[b](#jcsm12462-note-0007){ref-type="fn"}         96.4            92.8[\*](#jcsm12462-note-0008){ref-type="fn"}            97.6                                96.3
                         Weight, kg                          85.0 ± 13.2     71.5 ± 9.7[\*\*](#jcsm12462-note-0009){ref-type="fn"}    71.0 ± 13.3     55.3 ± 7.2[\*\*](#jcsm12462-note-0009){ref-type="fn"}
                        BMI, kg/m^2^                          28.1 ± 4.0     24.6 ± 2.8[\*\*](#jcsm12462-note-0009){ref-type="fn"}     27.7 ± 5.1     22.5 ± 2.8[\*\*](#jcsm12462-note-0009){ref-type="fn"}
           Nutritional risk (SCREEN II‐AB; 0--48)             39.7 ± 5.5     38.5 ± 6.0[\*\*](#jcsm12462-note-0009){ref-type="fn"}     39.0 ± 5.9                          38.8 ± 6.2
                  Medication number (0--11)                   0.8 ± 0.9      1.0 ± 0.9[\*\*](#jcsm12462-note-0009){ref-type="fn"}      1.0 ± 1.0                            1.1 ± 1.0
                     PASE score (0--629)                       131 ± 59       104 ± 57[\*\*](#jcsm12462-note-0009){ref-type="fn"}       112 ± 53       94 ± 49[\*\*](#jcsm12462-note-0009){ref-type="fn"}
                      Body composition                                                                                                              
                           ALM, kg                           26.35 ± 3.53   20.96 ± 2.21[\*\*](#jcsm12462-note-0009){ref-type="fn"}   17.48 ± 2.74   13.14 ± 1.21[\*\*](#jcsm12462-note-0009){ref-type="fn"}
                     ALM index, kg/m^2^                      8.70 ± 0.97    7.20 ± 0.47[\*\*](#jcsm12462-note-0009){ref-type="fn"}    6.82 ± 0.95    5.34 ± 0.31[\*\*](#jcsm12462-note-0009){ref-type="fn"}
                     Total fat mass, kg                       25.3 ± 7.6     21.5 ± 6.2[\*\*](#jcsm12462-note-0009){ref-type="fn"}     29.4 ± 8.9     22.0 ± 5.6[\*\*](#jcsm12462-note-0009){ref-type="fn"}
                       Muscle strength                                                                                                              
                Maximal handgrip strength, kg                 40.9 ± 7.9     28.3 ± 4.1[\*\*](#jcsm12462-note-0009){ref-type="fn"}     24.3 ± 4.9     17.1 ± 2.7[\*\*](#jcsm12462-note-0009){ref-type="fn"}
                    Physical performance                                                                                                            
                           TUG, s                             9.8 ± 1.9      10.8 ± 2.2[\*\*](#jcsm12462-note-0009){ref-type="fn"}     9.9 ± 2.0      10.6 ± 2.2[\*\*](#jcsm12462-note-0009){ref-type="fn"}
   Gait speed, m/s[a](#jcsm12462-note-0006){ref-type="fn"}   0.96 ± 0.19    0.88 ± 0.18[\*\*](#jcsm12462-note-0009){ref-type="fn"}    0.93 ± 0.18    0.87 ± 0.18[\*\*](#jcsm12462-note-0009){ref-type="fn"}
                 Average chair rise time, s                   2.8 ± 0.7      3.1 ± 0.1[\*\*](#jcsm12462-note-0009){ref-type="fn"}      2.9 ± 0.8                            3.0 ± 0.8
                      Balance (0--60 s)                      29.5 ± 23.1    18.5 ± 19.9[\*\*](#jcsm12462-note-0009){ref-type="fn"}    25.4 ± 22.3    19.8 ± 20.6[\*\*](#jcsm12462-note-0009){ref-type="fn"}
        BMI‐adjusted physical performance, *Z* score         0.26 ± 2.14    −1.07 ± 2.25[\*\*](#jcsm12462-note-0009){ref-type="fn"}   −0.13 ± 2.22   −0.88 ± 2.26[\*\*](#jcsm12462-note-0009){ref-type="fn"}

Values are mean ± SD. ALM, appendicular lean mass; BMI, body mass index; PASE, Physical Activity Scale for Elderly; SCREEN II‐AB, abbreviated Seniors in the Community Risk Evaluation for Eating and Nutrition, version II; TUG, timed up‐and‐go. Mann--Whitney *U* test unless otherwise specified.

Independent *t*‐test.

Chi‐square test.

*P*‐value \<0.05.

*P*‐value \<0.001.

Comparison with previous sarcopenia criteria {#jcsm12462-sec-0024}
--------------------------------------------

The cut‐points for low ALM and strength identified in this study were compared with the EWGSOP2 recommendations and the FNIH criteria. The EWGSOP2 endorses ALM/ht^2^ (kg/m^2^) ≤ 7.0 for men and ≤6.0 for women as criteria for low ALM and \<27 kg for men and \<16 kg for women for low handgrip strength.[10](#jcsm12462-bib-0010){ref-type="ref"} The FNIH criteria for low ALM, as defined by an index of ALM (kg) divided by BMI (kg/m^2^), are \<0.789 for men and \<0.512 for women,[18](#jcsm12462-bib-0018){ref-type="ref"} and criteria for low handgrip strength are \<26 kg for men and \<16 kg for women.[19](#jcsm12462-bib-0019){ref-type="ref"} The IWGS defines sarcopenia as the combination of low ALM and low gait speed (\<1.0 m/s).[8](#jcsm12462-bib-0008){ref-type="ref"} Because our cut‐points for low strength are derived from limited physical performance, including a measure of gait speed would be redundant and thus, we did not compare our criteria to those suggested by the IWGS. The current population being mainly Caucasian, the Asian criteria[9](#jcsm12462-bib-0009){ref-type="ref"} were also not studied.

Our cut‐points agreement with the EWGSOP2 was fair with κ of 0.15 and 0.43 in men and in women, respectively. PPA of 100% in men and 76.2% in women were found, and 92.4% and 96.2% for NPA (data not shown). Comparison between our combined cut‐points and the FNIH sarcopenia project\'s criteria showed PPA of only 49.2% in men and 26.9% in women, NPA of 92.3% and 94.8%, and κ of 0.12 and 0.08. This observed disagreement was even more pronounced for the comparison of low ALM cut‐points alone (PPA = 33.8% and 20.3%; NPA = 79.7% and 86.9%; κ = 0.09 and 0.06). We thus examined the CLSA participants characteristics applying the ALM/BMI cut‐points determined by the FNIH.

Characteristics of participants with low appendicular lean mass applying the Canadian longitudinal study on aging and the Foundation for the National Institute of Health criteria {#jcsm12462-sec-0025}
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Characteristics of participants by presence or absence of low ALM as per the CLSA criteria and as per the FNIH cut‐points are displayed in *Table* [4](#jcsm12462-tbl-0004){ref-type="table"} for men and *Table* [5](#jcsm12462-tbl-0005){ref-type="table"} for women. The prevalence rates of low ALM with the CLSA criteria were 21.7% in men and 13.7% in women. Participants characterized as sarcopenic were older and had lower weight and BMI, ALMI, fat mass, strength, and physical performance score than non‐sarcopenic participants. Applying the FNIH sarcopenia project criteria to the CLSA cohort, 10% of men and 8% of women were identified with low ALM/BMI (Online Resource, [Supporting Information](#jcsm12462-supInfo-0001){ref-type="supplementary-material"}, *Figure* [S3](#jcsm12462-supitem-0001){ref-type="supplementary-material"}). Sarcopenic participants as per the FNIH criteria had lower handgrip strength and physical performance score, and they were older and less physically active compared with those with normal ALM/BMI; however, they had only slightly lower ALM and ALMI (in men) but higher weight, BMI, and fat mass compared with participants with normal ALM/BMI. In women, ALMI was not different between individuals with low and normal ALM/BMI. Because of the use of the same ALMI and fair agreement between cut‐points, we did not examine participants characteristics applying the EWGSOP2 criteria.

###### 

Descriptive statistics between men with presence or absence of low ALM applying the new Canadian and the FNIH cut‐points, in the Canadian longitudinal study on aging cohort

  Men                                       Canadian cut‐points                  FNIH cut‐points                                                                
  ----------------------------------------- --------------------- -------------- ------------------------------------------------- ------------- -------------- -------------------------------------------------
  Prevalence, %                             78.3                  21.7                                                             90.0          10.0           
  Age, year                                 72.2 ± 5.3            74.8 ± 5.7     \<0.001                                           72.6 ± 5.5    74.2 ± 5.6     \<0.001
  Caucasian, %                              96.5                  94.4           0.002[c](#jcsm12462-note-0013){ref-type="fn"}     96.5          92.6           \<0.001[c](#jcsm12462-note-0013){ref-type="fn"}
  Weight, kg                                87.0 ± 12.8           72.6 ± 9.5     \<0.001                                           83.7 ± 13.3   86.1 ± 15.4    0.001
  BMI, kg/m^2^                              28.7 ± 3.8            24.3 ± 2.7     \<0.001                                           27.4 ± 4.6    31.2 ± 4.6     \<0.001
  Nutritional risk (SCREEN II‐AB; 0--48)    39.8 ± 5.4            39.2 ± 5.9     0.027                                             39.8 ± 5.4    38.0 ± 6.1     \<0.001
  Medication number (0--11)                 0.8 ± 0.9             0.8 ± 0.9      0.713                                             0.8 ± 0.9     1.1 ± 1.0      \<0.001
  PASE score (0--629)                       132 ± 60              118 ± 57       \<0.001                                           131 ± 59      108 ± 56       \<0.001
  Body composition                                                                                                                                              
  ALM, kg                                   27.1 ± 3.3            21.8 ± 2.1     \<0.001                                           26.2 ± 3.6    23.0 ± 3.4     \<0.001
  ALM index, kg/m^2^                        8.93 ± 0.83           7.26 ± 0.41    \<0.001                                           8.59 ± 1.00   8.35 ± 1.10    \<0.001
  Total fat mass, kg                        26.0 ± 7.7            21.3 ± 6.0     \<0.001                                           24.4 ± 7.2    31.0 ± 8.6     \<0.001
  Muscle strength                                                                                                                                               
  Maximal handgrip strength, kg             41.0 ± 8.3            35.6 ± 7.4     \<0.001                                           40.5 ± 8.2    33.7 ± 7.6     \<0.001[b](#jcsm12462-note-0012){ref-type="fn"}
  Physical performance                                                                                                                                          
  Gait speed, m/s                           0.96 ± 0.19           0.93 ± 0.19    \<0.001[b](#jcsm12462-note-0012){ref-type="fn"}   0.96 ± 0.19   0.87 ± 0.18    \<0.001[b](#jcsm12462-note-0012){ref-type="fn"}
  TUG, s                                    9.8 ± 1.9             10.2 ± 2.0     \<0.001                                           9.8 ± 1.9     10.8 ± 2.3     \<0.001
  Chair time average, s                     2.8 ± 0.7             2.9 ± 0.8      \<0.001                                           2.8 ± 0.7     2.9 ± 0.9      \<0.001
  Balance, s                                29.4 ± 23.1           25.8 ± 22.6    \<0.001                                           29.8 ± 23.1   17.4 ± 19.3    \<0.001
  BMI‐adjusted physical performance score   0.37 ± 2.09           −0.57 ± 2.18   \<0.001[b](#jcsm12462-note-0012){ref-type="fn"}   0.26 ± 2.12   −0.65 ± 2.19   \<0.001[b](#jcsm12462-note-0012){ref-type="fn"}

Values are mean ± SD. ALM, appendicular lean mass; BMI, body mass index; FNIH, Foundation for the National Institute of Health; PASE, Physical Activity Scale for Elderly; SCREEN II‐AB, abbreviated Seniors in the Community Risk Evaluation for Eating and Nutrition, version II; TUG, timed up‐and‐go.

From Mann--Whitney *U* test unless otherwise specified.

Independent *t*‐test.

Chi‐square test.

###### 

Descriptive statistics between women with presence or absence of low ALM applying the new Canadian and the FNIH cut‐points, in the Canadian longitudinal study on aging cohort

  Women                                     Canadian cut‐points                  FNIH cut‐points                                                                 
  ----------------------------------------- --------------------- -------------- ------------------------------------------------- -------------- -------------- -------------------------------------------------
  Prevalence, %                             86.3                  13.7                                                             92.0           8.0            
  Age, year                                 72.4 ± 5.5            73.6 ± 5.8     \<0.001                                           72.5 ± 5.5     72.9 ± 5.7     0.294
  Caucasian, %                              97.5                  97.3           0.754[c](#jcsm12462-note-0017){ref-type="fn"}     97.8           94.3           \<0.001[c](#jcsm12462-note-0017){ref-type="fn"}
  Weight, kg                                72.3 ± 12.9           56.0 ± 7.0     \<0.01                                            69.8 ± 13.4    74.0 ± 14.0    \<0.001
  BMI, kg/m^2^                              28.3 ± 4.9            22.2 ± 2.7     \<0.001                                           27.0 ± 4.9     32.1 ± 5.4     \<0.001
  Nutritional risk (SCREEN II‐AB; 0--48)    39.0 ± 5.9            38.9 ± 6.1     0.765                                             39.2 ± 5.8     36.7 ± 6.4     \<0.001
  Medication number (0--11)                 1.0 ± 1.0             1.0 ± 1.0      0.467                                             1.0 ± 1.0      1.5 ± 1.1      \<0.001
  PASE score (0--629)                       112 ± 53              106 ± 49       0.035                                             112 ± 53       96 ± 51        \<0.001
  Body composition                                                                                                                                               
  ALM, kg                                   17.8 ± 2.6            13.6 ± 1.3     \<0.001                                           17.4 ± 2.8     15.3 ± 2.6     \<0.001
  ALM index, kg/m^2^                        6.96 ± 0.87           5.36 ± 0.30    \<0.001                                           6.75 ± 0.98    6.67 ± 1.06    0.120
  Total fat mass, kg                        30.1 ± 8.8            21.9 ± 5.5     \<0.001                                           28.5 ± 8.7     35.4 ± 9.0     \<0.001
  Muscle strength                                                                                                                                                
  Maximal handgrip strength, kg             24.3 ± 5.1            21.5 ± 4.7     \<0.001                                           24.2 ± 5.1     20.8 ± 4.5     \<0.001[b](#jcsm12462-note-0016){ref-type="fn"}
  Physical performance                                                                                                                                           
  Gait speed, m/s                           0.92 ± 0.18           0.92 ± 0.19    0.932[b](#jcsm12462-note-0016){ref-type="fn"}     0.93 ± 0.18    0.84 ± 0.17    \<0.001[b](#jcsm12462-note-0016){ref-type="fn"}
  TUG, s                                    10.0 ± 2.0            10.0 ± 2.0     0.802                                             9.9 ± 2.0      10.9 ± 2.4     \<0.001
  Chair time average, s                     2.9 ± 0.8             3.0 ± 0.9      0.909                                             2.9 ± 0.8      2.9 ± 0.9      0.604
  Balance, s                                24.9 ± 22.2           26.2 ± 22.6    0.172                                             25.9 ± 22.4    15.4 ± 17.7    \<0.001
  BMI‐adjusted physical performance score   −0.10 ± 2.14          −0.68 ± 2.25   \<0.001[b](#jcsm12462-note-0016){ref-type="fn"}   −0.14 ± 2.14   −0.73 ± 2.30   \<0.001[b](#jcsm12462-note-0016){ref-type="fn"}

Values are mean ± SD. ALM, appendicular lean mass; BMI, body mass index; FNIH. Foundation for the National Institute of Health; PASE, Physical Activity Scale for Elderly; SCREEN II‐AB, abbreviated Seniors in the Community Risk Evaluation for Eating and Nutrition, version II; TUG, timed up‐and‐go.

From Mann--Whitney *U* test unless otherwise specified.

Independent *t*‐test.

Chi‐square test.

Discussion {#jcsm12462-sec-0026}
==========

Our study showed that greater strength is independently associated with better physical performance and that higher ALMI is independently associated with greater strength, but not with physical performance after adjusting for fat mass and age. From baseline data of the largest Canadian‐representative cohort of older adults, we established sex‐specific empirical cut‐point values to define low strength and low ALMI. Cut‐points of handgrip strength \<33.1 kg in men and \<20.4 kg in women best predicted the risk of limited physical performance, and the optimum cut‐points of ALMI to identify those at risk of low strength were \<7.76 kg/m^2^ in men and \<5.72 kg/m^2^ in women. These cut‐points had good predictive capacity across different subgroups of the population. Although the CLSA cut‐points agreed with those for sarco‐dynapenia endorsed by the EWGSOP2, poor agreement was found with those of the FNIH sarcopenia project primarily because of the use of a different ALMI, that is, ALM/BMI. To our knowledge, our findings represent the most recent cut‐points for sarcopenia and dynapenia in a contemporary database (recruitment between 2011 and 2015) and the first established in a single large national‐representative population addressing generalizability and methodological issues encountered with previously derived cut‐points.

Association between appendicular lean mass index, strength, and physical performance {#jcsm12462-sec-0027}
------------------------------------------------------------------------------------

Previous studies have examined the relationship between lean mass or sarcopenia and physical limitations and found that strength[43](#jcsm12462-bib-0043){ref-type="ref"} and body fat mass[16](#jcsm12462-bib-0016){ref-type="ref"}, [44](#jcsm12462-bib-0044){ref-type="ref"}, [45](#jcsm12462-bib-0045){ref-type="ref"}, [46](#jcsm12462-bib-0046){ref-type="ref"} were important mediators of the latter. Indeed, in the Health ABC cohort (*n* = 3075, aged 70--79, African‐American and Caucasian ethnicities), Visser *et al*. showed greater muscle cross‐sectional area (by computed tomography imaging) to be associated with lower extremity physical function at baseline[47](#jcsm12462-bib-0047){ref-type="ref"} and with incident physical limitations over a 2.5 year follow‐up,[43](#jcsm12462-bib-0043){ref-type="ref"} both independently of body fat mass. While authors did not adjust cross‐sectional results for strength, longitudinal findings were no longer significant after strength was included in the models. Also in the Health ABC cohort, Delmonico *et al*. reported a protective effect of low ALM/ht^2^ on incident persistent lower extremity limitation in both sexes before adjustment and found associations to be attenuated after correcting for body fat mass although, again, not adjusted for strength (*n* = 2976).[44](#jcsm12462-bib-0044){ref-type="ref"} In sarcopenic men as defined by low ALM/ht^2^ (20% below the mean of the distribution), greater odds for mobility limitations were reported by Dufour *et al*. after adjusting for co‐morbidities and BMI among other covariates (OR = 6.3, 95% CI: 2.5--16.1).[45](#jcsm12462-bib-0045){ref-type="ref"} Further, these groups investigated the capacity of sarcopenia, relative to fat mass, at predicting physical performance limitations and found the integration of fat mass as part of the index for sarcopenia to be superior compared with ALMI and concluded that sarcopenia should account for fat mass in its definition to allow better identification of individuals at risk of disability. Adding to these findings, we observed the cross‐sectional ALMI‐physical performance relationship to be completely mediated by fat mass and strength. Accounting for strength in our first model, we found that increased ALMI was associated with lower physical performance. Fat mass being positively associated with ALMI, but negatively linked with physical performance, the association between ALMI and physical performance disappeared after adjustment for fat mass suggesting that individuals carrying more weight perform less in any weight‐bearing physical tests. This would explain the higher odds of physical limitations obtained when using ALM relative to fat mass as the predictor. We confirmed that strength and fat mass are drivers of the relationship between ALMI and physical performance in the CLSA cohort. Albeit ALM can be manipulated, for example, through adjustment for fat mass, to become a clinically relevant predictor of functional limitations, the absence of a relationship challenges its use for that purpose and emphasizes that ALM and physical performance are two different conditions. We also observed modest, but stronger associations between ALMI and strength, and strength and physical performance that denotes potential distinct underlying mechanisms for low ALM and low strength but also likely distinct health implications of these conditions. As defended by Clark and Manini, neurologic factors would mostly be responsible for strength along with architectural changes and muscle mass, whereas growth factors, sex‐hormones, inflammation status, physical activity, and genetic background would be determinants of muscle mass, justifying to consider low strength and low ALM as two separate conditions, namely dynapenia and sarcopenia, respectively.[5](#jcsm12462-bib-0005){ref-type="ref"}

Comparison to existing criteria {#jcsm12462-sec-0028}
-------------------------------

Our cut‐point values for low strength \<33.1 kg in men and \<20.4 kg in women are higher than those endorsed by the EWGSOP2, that is, \<27 kg in men and \<16 kg in women that increases the sensitivity of finding persons at risk of impaired physical performance. The latter cut‐points were determined using a sex‐specific *T*‐score of ≤−2.5 SD based on the mean grip strength of participants aged 32 years (from four pooled British cohorts, 1990--2012, *n* = 20 108, aged 16--90 years).[17](#jcsm12462-bib-0017){ref-type="ref"} Our values for low strength are rather concordant with those of a *T*‐score ≤ −2.0 SD, 32 kg and 19 kg for men and for women, also reported in this cohort. The EWGSOP2 recommended cut‐points for low lean mass of \<7.0 kg/m^2^ for men and \<6.0 kg/m^2^ for women were found by Gould *et al*. from a cohort of young Australian adults (1993--2006, *n* = 682, aged 20--39 years) using *T*‐scores ≤ −2.0 SD (\<6.94 kg/m^2^) and ≤−1.0 SD (\<6.07 kg/m^2^) in men and in women, respectively.[14](#jcsm12462-bib-0014){ref-type="ref"} Although the *T*‐score approach is logical considering that individuals who fall at the extreme left of the ALM distribution have low ALM relative to the rest of the population, it was not derived to identify persons with greater odds of low strength or mobility limitations. Our function‐derived empirical cut‐points for low ALM, \<7.76 kg/m^2^ in men and \<5.72 kg/m^2^ in women showed both fair positive and negative agreement with the EWGSOP2 recommendations that strengthens our argument that our diagnostic values are not only representative of low ALM relative to the mean of younger adults but also as a predictor of dynapenia. However, greater agreement was found in women than in men possibly because of the EWGSOP2 selection of a higher *T*‐score cut‐point for women (≤−1.0 SD vs. −2.0 SD for men).

Using CART, the FNIH recently established cut‐points for handgrip strength, \<26 and \<16 kg for men and for women, to predict slowness as defined by gait speed \<0.8 m/s.[19](#jcsm12462-bib-0019){ref-type="ref"} From these values, cut‐points were derived for ALM using an index of ALM (kg) divided by BMI (kg/m^2^) of \<0.789 for men and \<0.512 for women, as predictors of weakness.[18](#jcsm12462-bib-0018){ref-type="ref"} These values were determined from eight pooled American cohorts and a set of clinical trials including older adults aged ≥65 years recruited between 1992 and 2007 (*n* = 20 847 for low strength criteria and *n* = 11 270 for low ALM criteria; 89.9--90.5% Caucasian). Of note, although pooling numerous cohorts provides a large sample size, important limitations pertain to this method, for example, standardization of measurements especially DXA, cross‐calibration of instruments, and selection bias from clinical trials. Not surprisingly, we observed poor agreement of our combined criteria for sarcopenia and dynapenia with the FNIH sarcopenia project\'s, mainly owed to the use of different ALM indices, that is, ALM/BMI in contrast to ALM/ht^2^. To better understand the discrepancy, we examined the characteristics of CLSA individuals with low vs. normal ALM as per the FNIH definition and our definition. Interestingly, the FNIH criteria for low ALM identified seniors with a mean BMI falling within the obese category (men: 31.2 ± 4.6 kg/m^2^ and women: 32.1 ± 5.4 kg/m^2^), normal mean ALMI (8.35 ± 4.6 kg/m^2^ and 6.67 ± 1.06 kg/m^2^), lower strength, although not low as per our criteria or the FNIH\'s, and having lower physical performance compared with those with normal ALM/BMI. Many of these persons identified as having low ALM are simply obese, or sarcopenic‐obese or 'true' sarcopenic. Therefore, although the FNIH criteria predict physical performance well, they are not discriminant to identify body composition characteristics. They would also have a limited use to assess ALM changes in a prospective study design as the ratio would be largely influenced by BMI changes over time. For instance, a loss of ALM and body fat mass (decreased BMI) would be erroneously interpreted as the absence of change in muscle mass.

Prevalence of sarcopenia, dynapenia, and sarco‐dynapenia {#jcsm12462-sec-0029}
--------------------------------------------------------

From heterogenous definitions used to identify sarco‐dynapenia, the prevalence of the condition was estimated to range from 5% to 13% in older adults aged 60--70 years and higher prevalence of 11--50% was found in those aged above 80 years.[48](#jcsm12462-bib-0048){ref-type="ref"} The EWGSOP and IWGS also reported substantial prevalence of sarco‐dynapenia in several older population settings (age ≥ 50 years): free‐living (1--29%), long‐term care (14--33%), and acute hospital care (10%) settings.[49](#jcsm12462-bib-0049){ref-type="ref"} In the current CLSA cohort, 6.9% had sarco‐dynapenia (both low strength and ALM), a prevalence that falls within previously reported range for this condition. Importantly, very low prevalence rates for sarco‐dynapenia were obtained in the CLSA cohort when applying the EWGSOP2 recommended cut‐points (0.7% in men and 2.3% in women) and also applying the FNIH\'s (1.4% in men and 1.2% in women).

The FNIH reported prevalence rates in free‐living conditions for low strength of 5.3% and 17.9% in men and in women respectively applying their cut‐points.[19](#jcsm12462-bib-0019){ref-type="ref"} In men and in women of our study, 21.5% and 24.1% had low strength applying our cut‐points. From their CART model, the FNIH obtained an initial split of data for handgrip strength at 31.8 kg in men and 20.0 kg in women but chose to use the values resulting from a second split of the data (within each lower sex‐specific groups) for more conservative cut‐points, explaining the apparent lower prevalence reported by the FNIH. When applying the FNIH criteria to the CLSA cohort, we found lower prevalence of low strength, 4.3% in men and 6.2% in women, compared with the prevalence obtained in the cohorts from which criteria were established. Regarding low ALM/BMI, the FNIH reported 20.2% and 16.7% prevalence rates[18](#jcsm12462-bib-0018){ref-type="ref"} in men and in women and quite similarly, 21.7% and 13.7% had low ALM using the CLSA‐derived criteria. Interestingly, the FNIH criteria resulted in roughly twofolds lower prevalence rates for low ALM when applied to the CLSA cohort (10% in men and 8% in women). It confirms that applying the same cut‐points to different populations leads to divergent prevalence possibly because of disparities in characteristics such as ethnicities, prevalence of obesity that drastically increased over the past decades,[50](#jcsm12462-bib-0050){ref-type="ref"} level of physical activity, and presence of other chronic diseases.

Other health implications of low appendicular lean mass: illnesses and surgery recovery, and survival {#jcsm12462-sec-0030}
-----------------------------------------------------------------------------------------------------

Function‐derived ALM cut‐points identify persons at risk for impaired mobility and daily life activities, but low ALM should also be considered in other contexts. Skeletal muscle mass is the largest reservoir of amino acid of the body,[51](#jcsm12462-bib-0051){ref-type="ref"} is a highly metabolically active tissue[52](#jcsm12462-bib-0052){ref-type="ref"} and has important endocrine and immune functions.[51](#jcsm12462-bib-0051){ref-type="ref"} Low muscle mass contributes to frailty and reflects decreased physiological reserves that may promote unfavourable outcomes under physiological stress such as after surgery[53](#jcsm12462-bib-0053){ref-type="ref"} or during illnesses[54](#jcsm12462-bib-0054){ref-type="ref"} because of poorer intrinsic adaptive mechanisms. Previous studies showed lean mass and muscle area to be protective of all‐cause mortality reducing the incidence by 9--20% independently of indicators of obesity (central obesity and fat tissue mass), chronic diseases, and strength.[55](#jcsm12462-bib-0055){ref-type="ref"}, [56](#jcsm12462-bib-0056){ref-type="ref"}, [57](#jcsm12462-bib-0057){ref-type="ref"} Low ALM/BMI has also been associated with mortality,[58](#jcsm12462-bib-0058){ref-type="ref"} but it may be possibly explained by factors that are different than those explaining the association between low ALMI and mortality. For example, a cross‐sectional study in Australian (*n* = 1005, mean age 62) and Korean (*n* = 376, mean age 58) cohorts showed greater likelihood of having the metabolic syndrome attributed to higher waist circumference, blood pressure, and triglycerides in participants with lower ALM/BMI, while opposite results were observed for sarcopenia as defined by low ALMI (kg/ht^2^).[59](#jcsm12462-bib-0059){ref-type="ref"} The presence of chronic diseases may describe the association between low ALM/BMI and mortality reported by Balogun *et al*. as results were only adjusted for age.[58](#jcsm12462-bib-0058){ref-type="ref"} Contrastingly, in other clinical conditions such as cancer or hospitalization, higher fat mass and normal ALM as observed with the FNIH criteria may confer a survival benefit.[60](#jcsm12462-bib-0060){ref-type="ref"} Thus, adjusting or normalizing ALM for fat mass, weight, or BMI may fail to recognize older adults with 'true' low muscle mass, that is, relative to height and impede prediction of clinical outcomes. This reinforces the importance of clearly defining sarcopenia to inform research directions.

Strengths and limitations {#jcsm12462-sec-0031}
-------------------------

As we aimed to determine clinically relevant and simple to apply sex‐specific cut‐points, these are binary which limits their predictive capacity . This would be enhanced by considering other factors involved but they would complexify the use of cut‐points. Although handgrip strength was shown to be a valid proxy for overall muscle strength,[61](#jcsm12462-bib-0061){ref-type="ref"} a recent study reported moderate to poor correlation between handgrip and knee extension strength[62](#jcsm12462-bib-0062){ref-type="ref"} questioning the use of handgrip strength as the sole measure of overall muscle strength. Yet, it is an easy to perform measurement that permits to identify older adults at risk of impaired physical performance. Associations being examined in cross‐sectional data do not permit causal interpretation. The use of cut‐points to predict the incidence of decline in physical performance will be tested with follow‐up data. Further, the CLSA population mostly comprising Caucasian older adults may preclude the application of the present cut‐points to populations of other ethnicities. On the other hand, the new sarcopenia and dynapenia cut‐points are derived from the largest single contemporary cohort in aging, from the use of precise and accurate reference standard for measuring muscle mass and DXA[63](#jcsm12462-bib-0063){ref-type="ref"}, [64](#jcsm12462-bib-0064){ref-type="ref"} and the use of objective, valid, and reliable physical performance measures using standardized procedures, thus ensuring homogeneity in assessments. As well, the creation of a score that encompasses four tests that assess mobility, balance, and physical function altogether represents a novel and robust approach to evaluate physical performance. Another strength is the empirical method to determine cut‐points for low strength and ALM, as well as its application as two separate diagnosis that removes complexity to the term sarcopenia and clarifies its definition.

Conclusion {#jcsm12462-sec-0032}
==========

In conclusion, ALMI is not independently associated with physical performance cross sectionally; strength and fat mass are drivers of this hypothesized relationship. Therefore, combining lean mass, strength, and physical performance within one single sarcopenia definition is not supported and confuses the clinical picture. We reinforce that low ALM should be referred to as sarcopenia and low strength as dynapenia and strongly support the use of ALM/ht^2^ as an index of lean mass as opposed to normalizing ALM for body fat mass measures. Our functionally derived cut‐points from a single, large, and contemporary cohort are clinically relevant for identifying low strength as a predictor of limited physical performance and low ALM as a predictor of low strength, with a realistic 5--8% prevalence of sarco‐dynapenia. These cut‐points aim to guide researchers and health professionals in the identification of these two conditions in older Caucasian individuals to help design interventions targeted for muscle mass or strength and of clinical outcomes in addition to mobility and function. Further studies investigating the implications of these newly derived cut‐points for low ALMI in hospitalization, length of stay, recovery post‐surgery, ability to respond to treatment, and survival rates are therefore warranted**.**
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